Context: Albizia odoratissima (L. f.) Benth has been used in Indian folk medicine to treat numerous inflammatory pathologies, such as leprosy, ulcers, burns and asthma. Objective: To evaluate the antioxidant and antimicrobial properties of A. odoratissima. Materials and methods: Dried leaves of A. odoratissima were extracted in organic solvents (hexane, chloroform, ethyl acetate, and methanol). The total phenolic content (TPC) and total flavonoid content (TFC) were determined using the Folin-Ciocalteu and aluminum chloride colorimetric methods, respectively. The antioxidant activity was examined using 2,2-diphenyl-1-picrylhydrazyl (DPPH), hydrogen peroxide (H 2 O 2 ), 2,2 0 -azino-bis-(3-ethylbenzothiazoline-6-sulphonic acid) diammonium salt (ABTS), and ferric reducing antioxidant power (FRAP) assays. The antibacterial activity was examined using minimum inhibitory concentration (MIC) and the minimum bacterial concentration (MBC), determined by broth microdilution method against Gram-negative bacteria (Klebsiella pneumoniae, Escherichia coli, Pseudomonas aeruginosa, and Proteus vulgaris) and Gram-positive bacterium (Staphylococcus aureus). Results: The TPC ranged from 4.40 ± 1.06 to 1166.66 ± 31.85 mg GAE/g of dry weight (DW), and the TFC ranged from 48.35 ± 3.62 to 109.74 ± 1.84 mg QE/g of DW. The IC 50 values of the ethyl acetate extract for DPPH, ABTS, and H 2 O 2 were 10.96 ± 0.40, 4.35 ± 0.07, and 163.82 ± 1.52 lg/mL, respectively. Both methanol and ethyl acetate extracts demonstrated effective antibacterial activity with MICs and MBCs values ranging 136-546 lg/mL and 273-1093 lg/mL, respectively, against the tested pathogenic species. Conclusions: The leaves of A. odoratissima showed potent free radical scavenging property and antimicrobial activity.
Introduction
Currently, an increasing number of studies are being conducted to explore natural compounds rich in antioxidants and antimicrobial properties because of their significance in treating various chronic disorders, such as cancer and cardiovascular disease. Approximately two-thirds of drugs approved worldwide are predicted to be plant derivatives (Patridge et al. 2016) . Numerous studies support the fact that many diseases are caused by 'oxidative stress' resulting from a discrepancy in the neutralization and configuration of pro-oxidants. Human bodies naturally produce free radicals. Chemicals that obstruct the action of free radicals are termed as antioxidants. These overloaded free radicals contradict with biological macromolecules, such as lipids, proteins, and DNA, in healthy human cells. This results in the stimulation of carcinogenesis, cardiovascular disease, atherosclerosis, aging and inflammatory diseases (Halliwell 1996; Brahma et al. 2016) .
Natural antioxidants are often added in foods to prevent the radical chain reactions of oxidation by inhibiting the initiation and propagation step leading to the termination of the reaction and a delay in the oxidation process (Hossain et al. 2011) . Reactive oxygen species, such as the superoxide anion (O 2 À ), hydroxyl radicals (OH À ), and nitric oxide (NO), inactivate enzymes and damage vital cellular components, causing injury. Antioxidants may provide resistance against oxidative stress by scavenging free radicals. Therefore, compounds with antioxidative properties may be useful in the treatment of various disorders (Parim et al. 2015) .
Medicinal plants have been widely utilized as substitute agents for curing diverse infections and diseases for decades. The materialization of drug resistance in animal and human pathogenic bacteria, as well as the unwanted side effects of some antibiotics, has attracted massive attention toward the exploration of novel antimicrobial alternatives of the plant origin. The most significant benefits claimed for remedial use of medicinal plants in diverse ailments are their efficacy, cost-effective nature and easy accessibility (Khan et al. 2009; Mallikarjun et al. 2016) .
Albizia odoratissima (L. f.) Benth (Leguminosae), commonly known as 'Black Siris' and 'Ceylon rosewood,' is a fast-growing deciduous tree. Albizia has been used in Indian folk medicine to treat numerous inflammatory pathologies, such as arthritis, dysentery, sepsis, burns, asthma, allergic rhinitis, and helminth infections (Higuchi et al. 1992; Dinesh et al. 2011) . Thus, the present study examined the antioxidant and antimicrobial activities of different solvent extracts prepared from the leaves of A. odoratissima on the basis of their phytochemical significance.
Materials and methods

Chemicals and reagents
2,2
0 -Azino-bis-(3-ethylbenzothiazoline-6-sulphonic acid) diammonium salt (ABTS), potassium persulfate (K 2 S 2 O 8 ), 2, 2-diphenyl-1-picrylhydrazyl (DPPH), hydrogen peroxide (H 2 O 2 ), 2, 4, 6-tripyridyl-s-triazine (TPTZ), gallic acid, quercetin, butylated hydroxyl toluene (BHT), ascorbic acid, Mueller-Hinton agar, and broth were obtained from Sigma-Aldrich Chemicals (St. Louis, MO). All other chemicals were of the analytical grade and were purchased from Merck Limited (Mumbai, India).
Preparation of extracts
The leaves of A. odoratissima were collected from the Eastern Ghats, Visakhapatnam, Andhra Pradesh, India, in March 2013. The identity of these leaves was authenticated at Regional Agriculture Research Centre, Guntur, Andhra Pradesh, India, and a specimen has been preserved in the departmental herbarium (Voucher number: AB#2054). Leaves were shade dried and ground into a coarse powder. The powder (200 g) was soaked sequentially in hexane, chloroform, ethyl acetate, and methanol each for 6-10 days at room temperature in a 10 L aspirator jar to collect extracts. These extracts were concentrated using a rotavaporator for further analyses. All the extracts were preserved in a refrigerator at 4 C.
Determination of the total phenolic content
The TPC was determined using the Folin-Ciocalteu (FC) method (Djeridane et al. 2006 ) with a slight modification. The calibration curve was constructed using gallic acid (20-500 lg/mL) as a standard. Briefly, 1 mL of the crude extract was diluted up to 3 mL with distilled water and mixed thoroughly with 1 mL of the FC reagent (previously diluted 6-fold with distilled water), followed by the addition of 2 mL of 20% (w/v) sodium carbonate. The mixture was allowed to stand for 30 min in dark, and absorbance was measured at 765 nm by using an UV-visible spectrophotometer (Shimadzu, Japan). The TPC was evaluated from a calibration curve, and the results are expressed as milligrams (mg) of gallic acid equivalents per gram (g) of a leaf (dry weight).
Determination of the total flavonoid content
The TFC of the crude leaf extracts was determined using the aluminum chloride colorimetric method (Zhishen et al. 1999 ) with a slight modification. Quercetin (20-100 lg/mL) was used as a standard to plot the calibration curve. Briefly, 1 mL of the crude extract was mixed with 2.8 mL of double distilled water and then with 0.1 mL of 1 mg/mL potassium acetate solution. To this solution, 0.1 mL of 10% aluminum chloride was added, the mixture was allowed to stand for 30 min, and absorbance was measured at 415 nm by using a UV-visible spectrophotometer (Shimadzu). The TFC was evaluated from a calibration curve, and the results are expressed as milligrams (mg) of quercetin equivalents per gram (g) of a leaf (dry weight).
DPPH radical scavenging activity assay
The DPPH assay is a simple, rapid, economical, and widely used method to evaluate antioxidant activity. Although the DPPH assay involves the transfer of hydrogen atoms, the underlying chemical reaction is considered to be an electron transfer (ET) reaction. This is because the transfer of hydrogen from an antioxidant to DPPH is a very slow process and is considered as a marginal reaction path, whereas ET from a deprotonated antioxidant to DPPH is a faster and rate-determining step. The free radical scavenging activity of all the extracts was evaluated using a method described by Gyamfi et al. (1999) . Five concentrations (1 mL) of test samples were mixed with 1 mL of 0.2 mM DPPH in ethanol solution. After shaking vigorously, the mixture was incubated in dark at room temperature for 30 min, and the absorbance was measured at 517 nm. Ascorbic acid and BHT were used as standards, whereas ethanol was used as a control for calculation. The radical scavenging activity of all the extracts was calculated as the percentage inhibition of absorbance by using the following formula and IC 50 values were determined.
where optical density (OD) is the absorbance of the sample.
Free radical scavenging ability by the use of a stable ABTS radical cation assay
The ABTS assay can be used to determine the antioxidant capacity of both hydrophilic and lipophilic samples because ABTS Ã þ is soluble in water and organic solvents. In the presence of hydrogen-donating antioxidants, the blue/green ABTS Ã þ is reduced to colorless ABTS at 734 nm. The antioxidant activity is proportional to the decrease in the absorbance (Re et al. 1999 ).
The total antioxidant activity of the test sample was measured according to the method of Hsu et al. (2011) , with a slight modification. ABTS Ã þ solution was prepared by mixing 7 mM of ABTS and 2.45 mM of K 2 S 2 O 8 in water, which was incubated for 12-16 h in dark at room temperature. Before use, the ABTS solution was diluted with a solution of water and ethanol to get an absorbance of 0.7 ± 0.02 at 734 nm by using a UV-visible spectrophotometer (Shimadzu). Briefly, 2 mL of the ABTS Ã þ solution was added to 100 lL of test samples at different concentrations. The samples were mixed thoroughly, the reaction mixtures were incubated at room temperature for 10 min, and the absorbance was recorded immediately at 734 nm. The percentage inhibition of absorbance was calculated and plotted as a function of the concentration of the standard and sample. IC 50 values were determined. The percentage inhibition of absorbance was calculated using the following formula:
where OD is the absorbance of the samples.
H 2 O 2 scavenging capacity assay H 2 O 2 is a weak oxidizing agent and can directly inactivate a few enzymes, usually through the oxidation of essential thiol (-SH) groups. H 2 O 2 can rapidly cross cell membranes and enter into a cell. H 2 O 2 probably reacts with Fe 2þ and possibly with Cu 2þ ions to form a hydroxyl radical, which may be the origin of its many toxic effects (Miller et al. 1993) . Therefore, it is biologically advantageous for cells to control the amount of H 2 O 2 that is allowed to accumulate.
The ability of the extracts to scavenge H 2 O 2 was determined using the method described by Owaisi et al. (2014) , with a slight modification. A solution of H 2 O 2 (40 mM) was prepared in phosphate buffer (0.05 mM, pH 7.4). Plant extracts (1 mL) at different concentrations were mixed with H 2 O 2 solution (0.6 mL, 40 mM). The absorbance of H 2 O 2 was determined at 230 nm by using a UV-visible spectrophotometer (Shimadzu, Japan) after 10 min against a blank solution containing phosphate buffer without H 2 O 2 . The percentage inhibition of H 2 O 2 scavenging by the extracts and a standard compound was calculated using the following equation, and IC 50 values were determined.
where OD is the absorbance of samples.
Ferric reducing antioxidant power activity assay
The ferric reducing antioxidant power (FRAP) assay is based on the ability of antioxidants to reduce (through an ET mechanism) Fe 3þ into Fe 2þ ions in the presence of TPTZ, forming an intense blue Fe 2þ -TPTZ complex with the absorption maximum at 593 nm. The reaction is pH dependent (optimum pH, 3.6).
The FRAP assay was performed using the method described by Nair et al. (2007) . The FRAP solution was prepared by mixing 100 mL of acetate buffer at 30 mM, 10 mL of a 10 mM TPTZ [2,4,6-tripyridyl-s-triazine] in 40 mM HCL, and 10 mL of FeCl 3 .6H 2 O at 20 mM. Then, 100 lL of the crude extract (100-500 lg/mL) was mixed with 3 mL of the FRAP solution, and the reaction mixture was incubated at 37 C for 30 min. The increase in the absorbance at 593 nm was measured. Fresh working solutions of FeSO 4 were used for calibration. The antioxidant capacity was calculated on the basis of the ability of the sample to reduce ferric ions from the linear calibration curve and expressed as millimoles (mmol) of FeSO 4 equivalents per gram dry weight of the sample.
Antibacterial activity assay
Microorganisms and media
Bacterial strains were procured from the Department of Microbiology, Osmania General Hospital, Hyderabad, India. The cultures included in this study were the Gram-negative bacteria Klebsiella pneumoniae (U98), Escherichia coli (E72), Pseudomonas aeruginosa (3023), and Proteus vulgaris (2266) and the Grampositive bacteria Staphylococcus aureus (E40), which were maintained in Mueller-Hinton agar slants at 4 C.
Minimum inhibitory concentration and minimum bactericidal concentration
The minimum inhibitory concentration (MIC) was determined using the microbroth dilution method performed in 96-well plates according to the standard protocol (Shariff et al. 2006; NCCLS 2008) with some modification. A 2-fold serial dilution of the crude extracts, with an appropriate antibiotic, was prepared. Ceftriaxone (1 mg/mL) was used as a positive control. Initially, 100 lL of the MH broth was added to each well. Then, 100 lL of the crude extract or an antibiotic was taken from the stock solution and dissolved in the first well. Serial dilution was performed to obtain different concentrations. The concentrations of the stock solution of methanol, ethyl acetate, chloroform, and hexane extracts were 70, 70, 110, and 120 mg/mL, respectively. Furthermore, 24 h culture turbidity was adjusted to match 0.5 McFarland standards, which correspond to 1 Â 10 8 CFU/mL. The standardized suspension (100 lL) of bacteria was added to all the wells except the antibiotic control well, and 96-well plates were incubated at 37 C for 24 h. After 24 h of incubation, 40 lL of 3-(4,5-dimethlthiazol-2-yl)-2,5-diphenyltrazolium bromide (MTT) reagent (0.5 mg/mL in 1 Â PBS) was added to all the wells. MIC was taken as the lowest concentration, which did not show any growth that is visually noted from the blue color developed by MTT. Subcultures were prepared from clear wells, and the lowest concentration that yielded no growth after subculturing was taken as the MBC.
Statistical analysis
All assays of the TPC, flavonoid compounds, and antioxidant activity (using different assays) were performed in triplicates. Values for each sample are expressed as the mean ± standard deviation and were subjected to analysis of variance. Statistical analysis was conducted using the Graph Pad Prism Software, Version 7.01 (GPPS Inc., La Jolla, CA). Correlations between the means were assessed using Dunnett's multiple comparison test. For antioxidant assays, 1/IC 50 value was used to determine the correlation, and p < 0.05 was considered statistically significant.
Results
Determination of the TPC
The TPC of all the four extracts of A. odoratissima are listed in Table 1 . The ethyl acetate extract of the leaf of A. odoratissima had the highest amount of phenolic compounds, followed by methanol, hexane, and chloroform extracts. The results of the analytical method were validated by a linear correlation between the concentration and absorbance, and an R 2 value of 0.996 was obtained (Figure 1) .
Determination of the TFC
The TFC of all the four extracts of A. odoratissima are listed in Table 1 . The hexane extract had the highest amount of flavonoid content, followed by ethyl acetate, chloroform, and methanol extracts. The results of the analytical method were validated by a linear correlation comparison, and an R 2 value of 0.995 was obtained (Figure 2) .
Free radical scavenging effect on the DPPH assay
The results of the free radical scavenging activity of the leaf extracts of A. odoratissima are shown in Figure 3 and Table 2 . A lower IC 50 value indicates higher antioxidant activity. Among all the extracts, ethyl acetate had the lowest IC 50 value (10.96 ± 0.40 lg/mL), followed by methanol (16.62 ± 0.85 lg/mL), hexane (1810.44 ± 13.50 lg/mL), and chloroform (3439.66 ± 33.56 lg/mL). Furthermore, the IC 50 values of ethyl acetate and methanol extracts were comparable to those of ascorbic acid (6.11 ± 0.44 lg/mL) but lower than that of BHT (458.10 ± 33.09 lg/mL), suggesting that the antioxidant activity of these extracts is higher than that of BHT.
Free radical scavenging ability by the use of a stable ABTS radical cation assay
The results of the free radical scavenging activity of the leaf extracts of A. odoratissima are presented in Figure 4 and Table 2 . The decreasing order of the ABTS scavenging activity of different extracts was as follows: ethyl acetate (4.35 ± 0.07 lg/mL), methanol (8.59 ± 0.39 lg/mL), hexane (52.08 ± 1.26 lg/mL), and chloroform (58.81 ± 3.69 lg/mL). The IC 50 value of the ethyl acetate extract was almost equal to that of ascorbic acid (3.65 ± 0.26 lg/ mL) and lower than that of BHT (6.57 ± 0.57 lg/mL), indicating that the ethyl acetate extract has strong antioxidant activity. In addition, the antioxidant activity of the methanolic extract was slightly lower than that of BHT and ascorbic acid.
H 2 O 2 scavenging capacity assay
The results of the free radical scavenging activity of the leaf extracts of A. odoratissima are shown in Figure 5 and Table 2 . The ethyl acetate extract (163.82 ± 1.52 lg/mL) showed the highest H 2 O 2 scavenging activity, followed by methanol (200.29 ± 0.70 lg/mL), ascorbic acid (860.23 ± 26.83 lg/mL), BHT (912.46 ± 161.16 lg/mL), hexane (1278.64 ± 131.83 lg/mL), and chloroform (6912.30 ± 156.88 lg/mL) extracts. Furthermore, the antioxidant activity of ethyl acetate and methanol extracts was higher than that of ascorbic acid and BHT, which was indicated by their lowest IC 50 values.
FRAP activity
Regarding the antioxidant capacity of the leaf extracts of A. odoratissima, the ethyl acetate extract showed the maximum reducing power, followed by methanol, hexane, and chloroform extracts. In addition, the reducing power of ethyl acetate extract was comparable to that of ascorbic acid. The methanol extract also demonstrated reducing power, which was comparable to that of BHT. The results of the analytical method were validated by a linear correlation comparison of ferrous sulfate, and an R 2 value of 0.996 (Figure 6 ) was obtained. The data represent the mean ± SD of three determinants and level of significance (p). Correlation between different assays A significant positive correlation was observed between the TPC and antioxidant activity determined by DPPH (r ¼ 0.939,
and FRAP (r ¼ 0.996, p < 0.05) assays. In addition, a strong positive correlation was observed ranging from 0.921 to 0.997 among antioxidant activities determined using different assays (Table 3) . Furthermore, a negative correlation was observed between the TFC and other antioxidant assays ranging from À0.401 to À0.137. The correlation between the TFC and other antioxidant assays was not significant.
Antibacterial activity
In the microbroth dilution assay, ethyl acetate and methanol extracts showed satisfactory antimicrobial effects against the test organisms. The MICs and MBCs are listed in Table 4 . The MICs of the methanol and ethyl acetate extracts ranged from 136 to 546 lg/mL, and the MBCs ranged from 273 to 1093 lg/mL against all the tested microorganisms.
The leaf extracts exhibited antibacterial activity against all the pathogenic species. Methanol and ethyl acetate extracts exhibited almost similar antimicrobial activity against all the pathogens. However, hexane and chloroform extracts showed very less or no antimicrobial effect.
Discussion
In recent days, people attempted to reduce a hazard or handle a specific health situation through enhanced food diet. Plants and fruits have evolved diverse phytochemicals, which have a high amount of antioxidant potential. Natural antioxidants are considered to be multifunctional and of high interest as alternatives to synthetic antioxidants to reduce oxidation in complex food systems (Wang et al. 2009 ).
Phytochemical analyses performed on plant extracts have shown the presence of constituents, which have been identified to demonstrate therapeutic and physiological activities (Sofowora 1993) . Numerous studies have reported the antioxidant properties of phenolic compounds present in diverse parts of various medicinal plants (Krings & Berger 2001) . The imperative function of antioxidants is their interface with oxidative free radicals. Phenolic compounds, such as terpenoids and flavonoids, are the principal antioxidants that exert a scavenging effect on free radicals and reactive oxygen species (Hossain et al. 2011) . The antioxidative properties of flavonoids are due to numerous dissimilar mechanisms including the chelation of metal ions, such as iron and copper; the scavenging of free radicals; and the inhibition of enzymes responsible for free radical generation (Benavente et al. 1997) .
The results of the current study demonstrated that the leaf extracts of A. odoratissima possess strong free radical scavenging activity. The four different extracts of the leaves of A. odoratissima contain a wide variety and quantity of phenolics and adequate quantities of flavonoid components (Hossain et al. 2011 ). In the present study, the four organic extracts of A. odoratissima could decolourize the free radicals. DPPH, ABTS, and H 2 O 2 scavenging assays were used to determine the antioxidant activity (Mathew & Abraham 2006) . The antioxidant activities of the extracts could be due to increased levels of polyphenols. The results indicate that compared with methanol, hexane, and chloroform extracts, the ethyl acetate extract of the leaves of A. odoratissima demonstrated superior activity. The antioxidant capacity of the four extracts of A. odoratissima was also determined using the FRAP assay. The results of the FRAP assay indicated that the ethyl acetate extract of the leaf exhibited the maximum reducing power. Because A. odoratissima possesses antioxidant activity, it can be vital to human health (Halliwell 1996) .
We evaluated the antimicrobial activity of A. odoratissima plant extracts and determined the MIC and MBC. The extracts of A. odoratissima were found to possess strong antimicrobial activity (Table 4 ). The antimicrobial effectiveness of plants is supposed to be due to the presence of phenolic compounds, tannins, flavonoids, and essential oils (Aboaba & Efuwape 2001) . Moreover, even crude extracts of these plants demonstrated strong activity against multidrug resistant strains. Our findings revealed that the MIC values of the extracts were lower than their MBC values, indicating a strong antimicrobial activity.
The results of this study revealed that methanol and ethyl acetate extracts inhibited the growth of K. pneumoniae, E. coli, P. aeruginosa, P. vulgaris and S. aureus. The MIC of the methanol and ethyl acetate extracts ranged from 136 to 546 lg/mL, whereas that of chloroform and hexane extracts ranged from 859 to 15000 lg/mL. However, the chloroform and hexane extracts of A. odoratissima could not inhibit the growth of pathogens. The dissimilarity in the sensitivity of the tested microorganisms can be attributed to their inherent properties that are connected to the permeability of their cell exterior to the extracts or the solubility of the active compounds in the given solvents. Figure 6 . Ferric reducing antioxidant power activity of leaf extracts of Albizia odoratissima. The y-axis was cut up from 300 to 1000 for better understanding. 
Conclusions
The leaves of A. odoratissima, which contain a high amount of flavonoids and phenolic compounds, exhibit high antioxidant and free radical scavenging activities. The in vitro assays demonstrated that this plant extract is a noteworthy resource of an innate antioxidant, which may be help in preventing the development of diverse oxidative stresses. The results of our study revealed superior antioxidant and antimicrobial activities when ethyl acetate and methanol extracts of A. odoratissima were utilized. These results support the notion that a diet rich in herbs and plants can possibly reduce oxidation and microbial growth and act as a defense against associated disorders. Although our findings indicate that A. odoratissima possesses antimicrobial and antioxidant properties, further research on the isolation and formulation of active ingredients from the leaves should be conducted for its therapeutic applications.
